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Questions 

1. What major factors caused the past increase in corn NUE?
2. Can we expect the trend to continue?
3. Will soil test trends force change in NUE trend for P&K?
4. Can we expect similar trends in crops other than corn?
5. How will the US contribute to increasing global food 

production 70% by 2050?



Efficiency is not Productivity

• Nutrient Use Efficiency:

output bu/A        output bu
input lb/A input lb

• Independent of per-acre productivity!
• Productivity, not NUE, feeds the world
• Productivity with NUE required for sustainability

= 



[DRAFT] Nutrient Stewardship Metrics 
for Sustainable Crop Nutrition

Enablers
(process metrics)

Actions
(adoption metrics)

Outcomes
(impact metrics)

• Extension & 
professionals

• Infrastructure
• Research & 

innovation
• Stakeholder 

engagement

[Require regional 
definition of 4R]

• Cropland area under 
4R (at various levels)

• Participation in 
programs

• Equity of adoption 
(gender, scale, etc.)

1. Farmland productivity
2. Soil health
3. Nutrient use efficiency
4. Water quality
5. Air quality
6. Greenhouse gases
7. Food & nutrition 

security
8. Biodiversity
9. Economic value



Many factors have driven NUE trends

• Crop genetics – yield improvement
• Crop management
• Weather
• Economics
• Livestock nutrient management
• Water quality issues



Corn yield trend: genetics & management

Cassman et al., 2006. CAST Commentary. 



Genetic improvement of NUE can involve 
several plant traits

• Selection for yield  changes nutrient uptake pattern
• Root traits generally increase metabolic costs

– Mycorrhizal associations, root exudates & deposits, root plasticity
– Exception: aerenchyma

• Root architecture: optimum design may conflict for N, P, water
• Biochemical traits – e.g. alanine aminotransferase



New hybrids take up more N after silking
• Increases NUE by 

better using N 
mineralized from 
soil organic 
matter

Tollenaar et al., 1997. Better Crops 81(4):3-5.



Newer cultivars of corn respond to N 
and plant population

1920 1950 1990 2010
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Low N

32K plants per acre

16K

8K

More recent cultivars had:
• Shallower root angles
• One less nodal root per 

whorl
• Double distance to 

lateral root branching
• More and smaller root 

xylem vessels
• More root aerenchyma

at higher plant density
Root changes could explain 
16% of the 80% genetic 
increase in growth/yield.

York et al., 2015. Journal of Experimental Botany, 66:2347-2358



Newer corn hybrids contain less protein

Duvick & Cassman, 1999



So why has NUE increased?

In corn:
• Higher yields from better genetics and management, and 

higher plant populations
• Later N uptake
• Lower grain N
In other crops:
• Nutrient management planning
• Water quality issues



2011 partial P balance, removal/use

Areas of both 
surplus and deficit



Wheat
Yields increasing, but not as fast as 
those of corn.
Nutrient use efficiency increasing only 
recently:

N – recovery from & return to mining
P – recent jump to modest mining
K – mining 

Calculated from USDA-NASS and USDA-ERS data



Soybeans
1) Yields increasing like those of 
corn.
2) Nutrient use efficiency 
increasing only recently:

P – mining 
K – mining 

— bu soybean per lb of P2O5
— bu soybean per lb of K2O

Calculated from USDA-NASS and USDA-ERS data



Corn
1) NUE trend driven by yield
2) removal < fertilizer for N & K
3) removal > fertilizer for P
4) other inputs – manure 
5) corn-soybean system

— bu per lb of N
— bu per lb of P2O5
— bu per lb of K2O

Calculated from USDA-NASS and USDA-ERS data



In the US corn-soybean cropping system, 
removals exceed P and K fertilizer application

Calculated from USDA-NASS and USDA-ERS data



IPNI Soil Test Summary 
2015
• Conduct every 4 or 5 years
• 2015 - the 4th summary that 

provides descriptive statistics 
of soil test levels for

– P, K, and pH
– Mg, S, Zn, Cl

• Very intensive summary
– 2010: 4.4 million samples 

from 63 labs 
– 2015: >5 million from 

similar number of labs



IPNI Soil Test Summary 2015 – preliminary results 
Ten Corn Belt states (IL, IN, IA, KS, MI, MN, MO, NE, OH, WI)

~ 7.7 million tons of DAP

% below critical up ~8% since 2001 

~ 2.2 million 
tons of DAP



IPNI Soil Test Summary 2015 – preliminary results 
Ten Corn Belt states (IL, IN, IA, KS, MI, MN, MO, NE, OH, WI)



Removals: < inputs for N&P, > inputs for K

Zilberman et al., 2013. CAST Issue Paper Number 51.

NUE 
~70%



The livestock industry changed its P use efficiency 
after 2008, but grain P is still a valued nutrient

Feedgrade Phosphate Report, H. Vroomen, The Fertilizer Institute



Summary
1. What major factors caused the past increase in corn NUE?

Crop genetics & management  increasing yield
2. Can we expect the trend to continue [for nitrogen]?

– still room for NUE improvement in corn; 
– more in crops other than corn, soybean and wheat. 

3. Will soil test trends force change in NUE trend for P&K?
P – soil test limits NUE increase in 30-50% of soils; K – possibly less

4. Can we expect similar trends in crops other than corn?
a) Depends on breeding effort
b) Sustainability of livestock linked to more nutrient recycling

5. How will the US contribute to increasing global food production 
70% by 2050? Show leadership in sustainable intensification –
higher yields, improved soil health, more optimal NUE, reduced 
environmental impact  full implementation of 4R Nutrient 
Stewardship
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